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Description 

The present invention relates in general to methods 
of synchronizing internal -confitujstion engines, particu- 
larly internal-combustion engines fbr motor vehicles, 
without cam position sensors. 

More spedtically. the present Invention relates to a 
method of generating a phase signal representative of 
the operation of the various cylinders of an internal- 
combustion engine. This signal is intended to be sup- 
plied as an input to an electronic fuel-injection system. 

At the moment, most internal-combustion engines 
tor vehicles are supplied by fuei-injection systems con- 
trolled by electronic control units which, in the case off 
petrol engines, normally also control ignition. Many cur- 
rent systems have an angular datum specified relative 
to the 360'' of the engine shaft and not to the 720^ of the 
entire engine cycle (in the case of a four-stroke, four-cyl- 
inder engine which, moreover, is the most widespread 
model currently in production). 

In recent years, various electronic fuel-injection 
systems have been developed Ibr internal-combustion 
engines. Amongst these, so-called single-point injection 
systems, which are characterized in that they comprise 
a single fuel injector disposed in the common air-inlet 
duct, and so-called multi-point systems, which are char- 
acterized in that they comprise a fuel injector for each 
cylinder of the engine disposed, in particular, in the air- 
inlet duct of each cylinder, may be mentioned. Multi- 
point irijection systems, to which the present invention 
relates, are becoming ever more widespread since they 
improve the operation of internal-combustion engines 
both from the point of view of performance and from the 
point of view of pollutant emissions. 

Multi-point injection systems typically operate inter- 
mittently, that is, the injectors are opened periodically, at 
least once per engine cycle. TTiere are basically two 
methods of operating the injectors: simultaneous opera- 
tion, in which all of the injectors are opened and closed 
simultaneously, and sequential operation, in which the 
injectors are opened and closed individually 

The injection system is typically controlled by an 
electronic or central control unit which also controls igni- 
tion and thus provides for the overall control off the inter- 
nal-combustion engine. In the case of simultaneous 
operation, also known as full-group operation, the elec- 
tronic control unit calculates the amount of fuel to be 
injected and thus operates all of the injectors simultane- 
ousiy. This operation may take place once or twice per 
engine cycle (two revolutions of the engine shaft in the 
case of a four-stroke engine). This solution simplifies 
the structure of the electronic control device which con- 
trols the injectors since only one power stage is neces- 
sary. 

However, the full-group method of operation has 
technical disadvantages. The first disadvantage is due 
to the fact that, in at least one cylinder, fuel-injection 
always takes place when there is an inlet valve in the 



open position. In general, this means that firing takes 
place in the cylinder in a degenerate or in any case non- 
optimal manner and this in turn means that more pollut- 
ants are produced. Moreover, if rapid transitions occur 

s in the operating conditions of the engine, the electronic 
control unit has to wait for the end of the engine cycle, 
which comprises two revolutions of the engine shaft, 
before it can modify the quantity of fuel to be injected, 
even though its calculation speed would allow it to react 

w much more quickly. 

The sequential method of operation, on the other 
hand, consists of the injection of the desired amount of 
fuel fob each cylinder in the optimal phase relationship 
with the induction stroke in the cylinder. Injection thus 

IS takes place for each individual cylinder in a time interval 
preceding the opening of the inlet valve of that cylirxier. 

The sequential method of operation achieves fc>etter 
results in terms of pollutant emissions. This is because 
the timing and duration of the injection can be controlled 

20 precisely for each cylinder so that the fuel-injection 
takes place in optimal manner for each cylinder. Moreo- 
ver, the electronic control unit can react to variations in 
the operating conditions much more quickly than with 
the full-group method. This means that the conditions in 

25 which firing takes place in each individual cylinder are 
always almost optimal. The performance of the engine 
can thus also be improved. 

Naturally, this involves a greater cost of the elec- 
tronic device for controlling the injectors which, in this 

30 case, requires a power stage fbr each injector so that 
these can be operated independently of one another. 

Moreover, a multi-point electronic injection system 
which operates sequentially requires additional informa- 
tion in comparison with the full-group method, that is, 

35 precise information relating to the phases of the cylin- 
ders. In fact it is clearly necessary to know the phase of 
each cylinder precisely so as to be ak)le to inject fuel 
correctly for that cylinder. In systems operating by the 
full-group method, this is, off course, not necessary 

40 since injection takes place simultaneously for all cylin- 
ders. 

For example. In the conventional case of a four-cyl- 
inder, four-stroke engine, for each engine cyde (720""} 
there are four top dead centres spaced from one 

45 another by 1 SO"*. For each revolution of the engine shaft 
(360'') there are therefore two top dead centres which 
can easily be distinguished from one another if . as is 
typical, a phase datum on the engine shaft is used. 
For each top dead centre of each revolution of the 

so engine shaft two of the cylinders are therefore in the top 
dead centre position whilst the other two are in the 
opposite position, that is. in the tx}ttom dead centre 
position. At a given top dead centre position, it is there- 
fore known, for example, to the electronic injection sys- 

55 tem. that cylinders 1 and 4 are in the top dead centre 
position, whilst cylinders 2 and 3 are in the bottom dead 
centre position. With a datum relating only to the dGO"* of 
the engine shaft, however, the system cannot know if 
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cylinder 1 is in the compression phase and cylinder 4 is 
consequently in the exhaust phase, or if cylinder 4 is in 
the compression phase and cylinder 1 is consequently 
In the exhaust phase. To provide this information it is 
necessary, as stated above, to have a datum specified 5 
in relation to the 720"" of the engine cycle. 

The use of sensor devices associated with a cam- 
shaft of the engine Is known for obtaining this datum. In 
fact, it is known that, since the camshaft or camshafts of 
the engine rotate at half of the speed of rotation of the 
engine shaft, they can provide a datum relating to the 
720*. 

However, these sensors have the disadvantage of 
being very complex and difficult to install with conse- 
quent increases In the cost and complexity of the elec- 
tronic injection system. It is much easier, on the other 
hand, to provide the engine witti a phonic wheel which, 
typically, has a large number of teeth and is associated 
with the engine shaft, and which provides a datum spec- 
ified in relation to the 360° of rotation of tiie engine shaft 
at low cost 

In the case of the camshaft, however, it is typically 
not possible, for reasons of space, to install a phonic 
wheel having a large number of teeth so that the sensor 
associated with the camshaft is often used in combina- 
tion with the conventional phonic wheel assodated with 
the engine shaft, solely to give the phase datum, that is, 
to discriminate between the two revolutions of the 
engine shaft which make up tfie engine cyde. 

To avoid tills problem, a solution known in the art is 
to use a cam sensor associated with a wheel having 
four teeth so as to have data over 720'' and correspond- 
ing to the top dead centre positions of the four cylinders 
of the engine. It is thus possible to do without tiie phonic 
wheel and its sensor. This solution has the disadvan- 
tage, however, of not enabling data to be acquired dur- 
ing transitions between one top dead centre position 
and the next since, owing to dimensional constraints, it 
is not possible to use a wheel having a large numt)er of 
teeth associated witii a camshaft. This means tiiat this 
solution does not enable the engine to be controlled effi- 
dentiy during transitions. 

This means that, up to now, injection systems which 
can detect the phases of tiie cylinders are substantially 
more expensive than Injection systems which are lim- 
ited to detecting the datum relating one revolution of the 
engine shaft. 

To avoid this problem, it was proposed in French 
patent application No. 2 692 623, filed on 23nd June 
1992, to use a method which can determine the precise 
phase of the engine cycle from the data availak>te with a 
datum specified in relation to the 360'' of rotation of the 
engine shaft. This metiiod provides for the engine to be 
started, not necessarily in phase (there is a 50% chance 
that the phase will be inverted), until the engine is 
brought to running speed. The injection of fuel is then 
stopped for a given reference cylinder, for example, cyl- 
inder number 1 , for a predetermined period of tima Nat- 
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urally. this causes one or more misfires in cylinder 1. 

Since phonic wheels associated with engine shafts 
typically comprise large numbers of teetii, it is possible 
to detect variations of speed and accelerations of the 
engine shaft almost instantaneously. The electronic 
control unit can thus detect misfires in one of the cylin- 
ders since the corresponding acceleration imparted to 
the engine shaft by the firing is lacking. It is thus possi- 
ble to ascertain the phase of tiie engine cycle, since the 
misfiring occurs during the engine revolution in which 
cylinder 1 is in the expansion phasa The electronic con- 
trol unit can tiien corrtrol injection sequentially. 

However, tiiis method also has technical disadvan- 
tages. A first disadvantage is due to the fact that the 
starting stage takes place in an untimed manner until 
the phase is identified. The firing which takes place dur- 
ing the initial stage of operation of ttie engine is tiius not 
optimal, resulting In pollutant emissions, it is known that 
the initial stage of operation of the engine is the stage in 
which most pollutants are produced. Limitation of pollut- 
ant emissions is therefore particularly important during 
this initial operating stage and, nrtoreover, is necessary 
in order to pass certain tests such as, lor example, the 
tests which are carried out according to the so-called 
ECE standards to determine the emission of pollutants 
by the engine and which are required by anti-pollution 
laws. 

A second disadvantage is due to tiie fact that when 
the engine has just been started, in adverse conditions, 
misfiring which is not caused by the control unit may in 
any case occur and may falsify or prolong the phase 
identification. Identification may also be rendered diffi- 
cult by tiie fact that, with tiie engine started, the sig- 
nal/noise ratio of the phonic wheel signed is not very 
high so that any interference may compromise the iden- 
tification of misfires. 

A further disadvantage is tfiat the user of the vehi- 
cle may set the vehicle in motion belore the system has 
ajcceeded in acquiring the correct timing. 

The object of the present invention is to provide a 
synchronization method which solves all of the prob- 
lems Indicated above in a satisfactory manner. 

According to the present invention, this object is 
achieved by means of a synchronization metiiod having 
tiie characteristics indicated in tiie claims which follow 
the present description. 

Further advantages and characteristics of the 
present invention will become clear from tiie following 
detailed description, given witii the aid of tiie appended 
drawings, provkjed by way of non-limiting example, in 
which: 

Figure 1 is a schematic block diagram of an elec- 
tronic fuel-injection system which can implement 
the method according to the invention, and 

Rgures 2a. 2b, 3a, 3b, 4a. 4b, 5a, 5b are graphs 
illustrating aspects of tiie operation of the method 
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according to the invention. 

In a first embodiment, the present invention is 
teased essentially on a method for identifying the phase 
of the engine cycle in the shortest possible time so as to 
enable the engine to operate according to the sequen- 
tial, timed method from the very first seconds of the 
engine's operatioa This method also enables the phase 
of the engine cycle to be identified without the use of 
any specific additional sensor. 

The method according to the invention provides for 
the internal-combustion engine to be started, firing 
being permitted in only one cylinder or in only some of 
the cylinders of the lnternal-comk)ustion engine. During 
starting, the electronic control unit identifies the first fir- 
ing which takes place inside one of the cylinders t>y ana- 
lysing the signals generated by a phonic wheel 
associated with the engine shaft. The cylinders in which 
firing is permitted during the starting phase are selected 
in a manner such that firing taking place in one of them 
enables the phase of the engine cyde to be identified 
with certainty if a datum relating to the 360"* of rotation 
of the engine shaft is avaitak>le. 

For a better understanding, a multi-point electronic 
injection system which can operate in a sequential, 
timed manner and with which a method according to the 
present invention can be used will now be described 
with reference to Figure 1. 

The system is controlled by an electronic control 
unit ECU which controls both the fuel injection and the 
ignition off a four-cylinder internal -combustion engine E. 
The electronic control unit ECU comprises an electronic 
microprocessor or processor MP which processes data 
relating to the operation of the engine E. picked ip by 
sensors associated with the engine E. and outputs con- 
trol signals for controlling fuel injection and ignition in 
the engine E. 

For this purpose, the electronic control unit ECU 
has an interface device CI for communication between 
the microprocessor MP and devices outside the elec- 
tronic control unit ECU. One of the functions of the inter- 
face device CI is to convert the signals picked up by the 
sensors associated with the engine E into a format 
acceptable to the microprocessor MP. 

One of these sensors is a sensor S, typically an 
electromagnetic sensor, cooperating with a phonic 
wheel RF associated with the shaft of the engine E. The 
phonic wheel RF typically comprises a large number of 
teeth, for example, from 60 to 135 teeth, and also 
includes an angular datum such as, for example, one or 
two missing teeth, so that a datum specified in relation 
to the 360"* of rotation of the engine shaft can be 
acquired. The method according to tiie invention may, 
however, also be used when a phonic wheel with a 
small number of teeth is available. Naturally, tiie signals 
generated by the sensor S are sent to the interface 
device CI connected to the microprocessor MP. 

The control signals output by the microprocessor 



MP for controlling injection are also transmitted to the 
interface device CI which in turn sends them to a power 
stage P. The power stage P controls the four injectors I 
of the internal-combustion engine E. 

6 Naturally, the electronic injection system indudes 
further sensors and devices which are not shown since 
they are not relevant for the purposes of a desoiption 
and an understanding of the present invention. Moreo- 
ver, the components described up to now are not 

10 described in greater detail since they are conventional 
components cun^ently in use on numerous electronic 
injection systems and can therefore be formed without 
difficulty by an expert in the art. 

The metiiod according to the invention will now be 

IS described in detail tsy the provision of examples relating 
to a conventional four-stroke, four-cylinder engine. K is 
assumed that, when the engine is started, fuel is 
injected into all four cylirxiers in an untimed manner in 
wholly conventional manner, for example, as in the case 

20 of an electronic control unit operating by the full-group 
metiiod. The electronic control unit ECU can detect 
almost instantaneously the speed and the acceleration 
of the engine shaft (naturally these are the angular 
velodty and acceleration) which are shown in the carte- 

25 sian graphs of Figures 2a and 2b. respectively. 

In tiie graph of Figure 2a, engine degrees GM or, in 
practice, the rotation of the engine shaft, is shown on 
tiie abscissa and the speed of tine engine shaft VM is 
shown on the ordinate (in revolutions per minute). Simi- 

30 larly. in Rgure 2b, the engine degrees GM are shown on 
tiie absdssa and the torque CM applied to the engine 
shaft is shown on the ordinate. The torque CM can eas- 
ily be derived from the acceleration imparted to the 
engine shaft or, alternatively, tiie acceleration of the 

35 engine shaft may be used directfy instead of the torque 
CM and may k>e obtained, for example, by differentiation 
off the velocity VM. 

Naturally, if it simplifies the calculation procedures 
in the microprocessor MP, the speed VM of the engine 

40 shaft may be used, or the time intervals elapsing 
between tiie detections of the top dead centre positions 
of the cylinders of the engine may be used directiy. The 
latter are in fact obtained directly from the phonic wheel 
signal. 

45 In order to identify the first firing, known techniques 
such as. for example, tiie use of a predetermined 
tiireshold relating to the quantity (speed, acceleration, 
time intervals, etc.) used for tiie identification may be 
used. This tiireshold may also k>e variable, for example, 

so in dependence on the speed imparted by the starter 
motor to the engine shaft 

As can be seen from Figure 2b, the first firing which 
occurs in one of the cylinders of the engine E can easily 
be detected since it imparts a considerable acceleration 

55 and torque pulse to tiie engine shaft, ft is pointed out 
tiiat, during the starting stage, before the first firings 
occur, tiie engine shaft rotates at a low speed since it is 
driven solely by the starter motor which also fias to 



7 



EP0 846 852A1 



8 



overcome the resistance due to the greater initial vis- 
cosity off the oil. 

For a better understandng, the peak corresponding 
to the first firing is Indicated A in the graph of the engine 
torque CM. As can t>e seen from the graph, this peak A s 
occurs shortly before the engine shaft has rotated 
through 720*. Moreover, it can be seen from the speed 
graph of Figure 2a that there is also a definite increase 
in the speed VM of the engine shaft con'esponding to 
the peak A, in comparison with the period in which there io 
were not yet any firings. When the engine has started 
normally, it can be seen that the torque peaks are of 
lower amplitude. 

This demonstrates a problem of the method of the 
prior art described above. In fact, when the engine has is 
started normally, the lower amplitude of the torque 
peaks makes it more difficult to identify the phase, the 
signal/noise ratio is not high and may also be altered by 
interference present in the signal detected by the sensor 
S. Moreover, the method of the prbr art is further com- 20 
plicated by the fact that, in certain conditions which 
make it difficult to start the engine E, for example, a very 
low temperature, misfiring may occur and. naturally, 
may cause incorrect phase determination. For example, 
in the graph of Figure 2b. it can be seen that the fourth 2S 
firing, shortly after the engine has rotated through 
1080''. did not take place in optimal manner and there- 
fore generated a torque peak of lower amplitude. This 
means that, with the use of this method, the phase iden- 
tification takes a fairly long time during wtuch the engine 30 
operates with untimed injection and with the conse- 
quent emission of a larger quantity of pollutants. 

It is assumed, however, that a method according to 
the present invention is used. In this case, it is possible, 
for exanple. to inject fuel solely into cylinder 1 , naturally ss 
in an untimed manner. It is thus absolutely certeun that 
the first firing which occurs in the engine E occurs in cyl- 
inder 1 . naturally when it is in the compression phase. 
This situation is shown, for example, in the graphs of 
Figures 3a and 3b. As can clearly be seen in Figure 3b, 40 
the peak A con'esponding to the first firing taking place 
in cylinder 1 is easily identifiable. Naturally, this enables 
the engine phase to be kJentif led with at)solute certcUnty. 

The method according to the invention thus offers 
considerable advantages because it enal^es the engine 4$ 
phase to be identified extremely quickly since it suffices 
to await the first firing which occurs in the preselected 
cylinder. It is tiien possible immediately to start timed 
injection in all of the cylinders of tiie engine, thus ena- 
bling the engine to start in optimal conditions. so 

As can be noted from the graphs, the identification 
of the peak A corresponding to the first firing is also very 
easy and, moreover, is facilitated by the fact that the first 
firing occurs when the engine is still driven by the starter 
motor. This means that, in these conditions, the engine ss 
shaft is rotating at a fairiy kiw speed, typically between 
200 and 300 revolutions per minute and the signal 
detected by the sensor S consequently has a low fre- 



quency which means that it has a high signal/noise 
ratio, is less subject to interference, and can easily be 
processed by the electronic control unit ECU. Moreover, 
the first firing inparts to the engine shaft a torque and 
acceleration pulse having an amplitude considerably 
greater than the oscillations caused by the starter 
motor, which makes it very recognizable. 

Some methods usable for the detection and identi- 
f teatlon of the torque pulse imparted by the first firing 
wtiich occurs in the engine E are known in the art For 
example, the Applicant's European patent application 
Na EP-A-0 637 738 describes a method for the 
dynamic measurement of the torque in a shaft of an 
internal -combustion engine. A person skilled in the art 
can easily produce an electronic control unit ECU irrple- 
menting the method according to the present invention 
by means of one of tiiese metiiods for the identification 
of the first firing which occurs in the engine E. 

The method according to the invention can also be 
implemented in a manner such tiiat two or three firings 
in the permitted cylinders are awaited, in addition to the 
first so as to have an extremely high degree of safety in 
the phase identification, although it has in fact been 
found tiiat the detection of the first firing already permits 
reliable phase kientification. In any case, identification 
also takes place in a very short time in tiiis case. 

Naturally, the principle upon which the method is 
based can be generalized. For example, it is possible to 
carry out injection in two cylinders instead of only one 
during starting. This is possODle since, with tiie injection 
of fuel into a pair of cylinders which do not nave the 
same top dead centre, it is still possible to dentify the 
engine phase with absolute certainty when the first fir- 
ing occurs. Thus, if it is decided, for example, to inject 
fuel into the pair of cylinders 1 -3 (which are consecutive 
in the firing sequence), selected in a manner such that, 
when cylinder 1 is at top dead centre, cylinder 3 is at 
bottom dead centime, tiie phase of the engine cyde can 
be identified with certainty. In fact, when the first firing is 
detected, of course, only one of the two cylinders 1 and 
3 is at top dead centime and can thus be responsible for 
the firing. 

This situation is shown in Rgures 4a. 4b and 5a. 5b. 
As can be seen, for example, in graph 5b, the first 
torque peak A indicates the first firing taking place arxJ 
is situated shortly t^efore 720'' of rotation. In the next 
engine revolution, firing occurs in both of the cylinders 
into which fuel is injected. As can be seen from the 
graph (during tiie revolutton of tiie engine from 1080** to 
1 440'') one of the two cylinders causes firing and hence 
a torque peak in the first half of the revolution of the 
engine shaft, whereas the otiier of the two cylinders 
causes firing and hence a torque peak in the second 
h£df of the revolution of the engine sfiaft Moreover, in 
half of the revolutions, for example, tiie revolutions from 
720« to 1080** or from 1440* to 1800'' there is no firing 
since no cylinders in which firing is permitted are in the 
compression stage. Clearly, this enables the phase to 
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be identified reliably from the first firing A wfiich occurs. 

This method has the advantage that, if fuel Is 
Injected into two cylinders, there Is a greater probability 
of firing occurring in the first revolutions of the engine 
shaft during the starting stage. Phase identification thus 
takes place in the shortest possible time, after which it is 
possible to start timed fuel injection. This is particularly 
important, of course, when starting takes place in diffi- 
cult conditions so that misfiring may occur during the ini- 
tial revolutions of the engine shaft. 

Thus, for example, in a four-cylinder engine in 
which the firing sequence in the cylinders is 1 -3-4-2, fir- 
irtg may be permitted in a pair of cylinders firing consec- 
utively in the sequence. In this case, the cylinders in 
which firing may be permitted in order to determine the 
phase off the engine cycle are 1-3. 4-2, 2-1, 3-4 which 
are all of the possible pairs of cylinders which fire con- 
secutively in the sequence given. 

Naturally, the method acoorcfing to the invention 
can also be applied to engines of other types. Thus, in a 
two-cylinder engine, otsviously firing is permitted in only 
one cylinder. In a six-cylinder engine firing is permitted, 
for example, in three consecutive cylinders in the firing 
sequence, or possibly in a smaller number of cylinders. 
In practice, it is found that the method can be applied to 
all engines in which the phase of the engine cycle can- 
not be determined with a datum relating to seO"*. 

In the case of engines such as, for example, three- 
cylinder or five-cylinder engines in which all of the top 
dead centres of the various cylinders are different, nat- 
urally, it suffices to detect solely the first firing in order to 
determine the phase with certainty With these engines, 
it is therefore unnecessary to inject fuel into only some 
of the cylinders of the engine. 

Naturally, the method can also be implemented by 
injecting fuel into all of the cylinders of the engine and 
bringing about ignition only in the preselected cylinders 
so as to permit firing solely in those cylinders. This 
method is entirely equivalent for the purposes of the 
determination of the engine phase but has the disad- 
vantage, in comparison with the method described pre- 
viously, of involving the injection of more fuel which is 
destined not to be burnt during the first revolutions in the 
starting stage. 

In a second embodiment, the method according to 
the invention provides for firing to be permitted in all of 
the cylinders each time starting takes place, until the 
rate of rotation of the engine shaft exceeds a predeter- 
mined value (the cranking stage), this value preferably 
being below the rate of rotation at idling speed. When 
this angular vek>city value is exceeded, firing is then 
permitted in only some of the engine cylinders, which 
are selected by the criteria described above, and the 
first firing whrch occurs in one of the cylinders in which 
firing is permitted is detected, etc.. as in the first embod- 
iment of the method described above. 

The second embodiment of the method according 
to the invention also enat)les the phase of the cylinders 



10 

to t>e identified l^efore the engine, which has just 
started, reaches and stabilizes at idling speed. Phase 
identification thus takes place when the signat/hoise 
ratios are still quite high since the engine is still in the 

5 rapid acceleration stage following cranking. 

Naturally, the principle of the invention remaining 
the same, the details of construction and forms of 
emkxxJiment may be varied widely with respect to those 
described and illustrated, without ther^y departing 

10 from the scope of the present invention. 

Claims 

1. A method of synchronizing an Otto-cyde internal- 
's combustion engine (E). 

the engine (E) having a fuel-supply system 
controlled by at least one electronic processing 
unit (ECU) and sensor means (S) which can 
20 provide the electronic unit (ECU) with a first 

datum signal indicative of the angular position 
of the shaft of the engine (E) over 360"*, 

the method being suitable for generating a sec- 
2S ond datum signal indicative of the phase of at 

least one cylinder of the engine (E) such that in 
combinatbn with the first datum signal, it ena- 
bles of the angular position of the shaft of the 
motor (E) to be discriminated over 720"*. 
30 characterized in that it comprises the steps of: 

permitting firing in a sub-group of the cylin- 
ders of the engine (E), the cylinders in 
which firing is permitted being selected in a 
35 manner such that their top dead centres 

occur in different angular positions of the 
engine shaft, 

detecting, by means of the first datum sig- 
40 nal. the first firing occurring in one of the 

cylinders in which firing is permitted, 

- determining the phase of the at least one 
cylinder on the basis of the angular posi- 
es tion of the engine shaft at the moment at 
which the first firing occurs. 

2. A method according to Claim 1, characterized in 
that in engines in whtoh all of the top dead centres 

so of the cylinders occur in different angular positions 
of the engine shaft, the sub-group of cylinders in 
wtiich firing is permitted comprises all of the cylin- 
ders of the engine (E). 

55 3. A method according to Claim 2. characterized in 
that in engines with 3 and 5 cylinders, the sub- 
group of cylinders in which firing is permitted com- 
prises all of the cylinders of the engine (E). 
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4. A method according to Claim 1. characterized in 
that the cylinders in which firing is permitted fire 
consecutively in the firing sequence of the engine 
(E). 

5. A method according to Claim 4, characterized in 
that, in engines having even number of cylinders, 
the sub-group of cylinders in which firing is permit- 
ted conprises at most half of the cylinders of the 
engine (E). 

6. A method according to Claim 1 or Claim 5, charac- 
terized in that the sub-group of cylinders in which 
firing is permitted comprises a single cylinder of the 
engine (E). 

7. A method acoording to any one of Claims 1 to 6. 
characterized in that firing is permitted In the sub- 
group of cylinders of the engine (E) by the injection 
of fuel solely into the said sub-group of cylinders. 

8. A method according to any one of Claims 1 to 6, 
characterized in that firing is permitted in the sub- 
group of cylinders of the engine (E) by bringing 
about ignition solely in the said subgroup of cylin- 
ders. 

9. A method according to any one of Claims 1 to 8, 
characterized in that the step of detecting the first 
firing by means of the first datum signal comprises 
the step of analysing the time intervals between the 
detections of the top dead centres of the cylinders, 
obtained from the first datum signal. 

10. A method according to any one of Claims 1 to 8, 
characterized in that the step of detecting the first 
firing by means of the first datum signal conprises 
the step of analysing a signal (VM) indicative of the 
speed of the engine shaft, obtained from the first 
datum signal. 

11. A method according to any one of Claims 1 to 8, 
characterized in that the step of detecting the first 
firing Isy means of the first datum signal comprises 
the step of analysing a signal indicative of the 
acceleration of the engine shaft obtained from the 
first datum signal. 

12. A method according to any one of Claims 1 to 8. 
characterized in that the step of detecting the first 
firing by means of the first datum signal comprises 
the step of analysing a signal (CM) indicative of the 
torque of the engine shaft obtained from the first 
datum signal. 

13. A method according to ciny one of Claims 9 to 12, 
characterized in that the step of detecting the first 
firing comprises the step of detecting, In the signal 



indicative of the speed, of the acceleration, or of the 
torque of the engine shaft, a peak (A) having an 
amplitude sut>stantially greater than the amplitude 
of a predetermined number of preceding oscflla- 
5 tions of the signal indicative of the acceleration or of 
the torque. 

14. A method according to Claim 13. characterized in 
that the step of detecting the first firing comprises 
10 the step of detecting, in the signal indicative of the 
speed, of the acceleration, or of the torque of the 
engine shaft, a peak (A) having an amplitude 
greater than a predetermined threshold value. 

IS 15. A method according to any one of Claims 1 to 14, 
characterized in that it comprises the step of detect- 
ing, by means of the first datum signal, at least one 
further firing after the first, oocunring in one of the 
cylinders in which firing is permitted, in order to 
20 determine the phase of the at least one cylinder. 

16. A method according to any one of the preceding 
daims, characterized in that each time the engine 
(E) is started, firing is permitted immediately in the 

25 aforementioned sUb-group of cylinders of the 
engine (E), selected in the manner indicated above. 

17. A method according to any one of Claims 1 to 15, 
characterized in that each time the engine (E) is 
started, firing is initially permitted in all of the cylin- 
ders of the engine (E), until the rate of rotation of 
the shaft of the engine (E) exceeds a predeter- 
mined value, and firing is then permitted solely in 
the aforementioned sub-group of cylinders of the 
engine (E). selected in the manner indicated at>ove, 
until the phase of the at least one cylinder of the 
engine (E) is determined. 
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